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Pathological evaluation of renal changes induced by multiple
nephropathogenic factors in SPF chickens
I. Clinicopathological observation
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Abstract : Renal failure is one of the main causes of economic impacts in the poultry
industry and complex syndrome with different severity of clinical signs caused by multiple
nephropathogenic factors such as infectious bronchitis viral infection and excess salt and calcium
in diet. To evaluate the correlation between severity of renal failure and the causative nephro-
pathogenic factors, one-day-old specific pathogen free chickens were treated with either single
causative factor or multiple causative factors described as above.

Each group was designed as control for non-treated control, IB for infectious bronchitis virus
(IB virus) infection, IBHNa for IB virus infection with high diet salt, IBHCa for IB virus
infection with high diet calcium, IBHNC for IB virus infection with high diet salt and calcium,
HNa for high diet salt, HCa for high diet calcium and HNC for high diet salt and calcium.
Chickens were inoculated with IB virus at 1-day-old and remained on their respective diets until
21 day of age. Plasma Na’, CI, BUN, creatinine, calcium and uric acid values were examined.

The results obtained were as follows ; IB virus and high dietary calcium combined treatment
showed elevated plasma uric acid. BUN and creatinine values were not characteristic on chicken
renal failure. But plasma uric acid values were increased according to renal lesion. Hypercalcemia

and hyperuricemia did not induce urate deposition and mineralization in the kidney.

Key words : blood chemistry, chicken, infectious bronchitis, calcium, salt.
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AHAMA 193 SPF Yoty 3B15-F 848 A¥A
HzZo2AM ¥dE AAY F dE2TF(n=48), Bo=
38), IBHNa(n = 39), IBHCa(n = 39), IBHNC(n = 39), HNa(n
=40), HCa(n = 40) 18] 1 HNC(n = 40) A A F 5 82
2 A A 5¢ tH(Table 1). IB, IBHNa, IBHCa, IBHNC 3 3]
#& IB virus KM91€ 4% 0.03mi(10*°EID*)& A A
F3gon &4 AAFL A5 BE AfR] A3
2 393 21193 7R A&Ed 3,5, 7, 9, 1499

Table 1. Summary of experimental design

Group Treatment cﬁgi(:‘i
Control no treatment 48
IB IB virus' 38
IBHNa IB virus+high diet salt® 39
IBHCa IB virus+high diet calcium® 39

IBHNC B virus+high dict salt+high diet calcium 39

HNa high diet salt 40
HCa high diet calcium 40
HNC high dict salt+high diet caldum 40

! The chickens of T8, TBHNa, TBHCa and TBHNC groups were inoculated
with dose of 104SEIDso/30x! of Korean IB isolates KM91, per
chicken using eye drop method at 1-day-old.

;Commerdal chicken feed with 10% NaCl using cooking salt.
Commercial chicken feed with 3.5% Calcium using limestone.
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o AYE YR+ capillary mbeE ©]-§-3}) microhematocrit
(Autocrit, USA)Z A&+ £2 & SAAY. d&
& A 9AEEstd €48 WEEAstA N, CT,
blood urea nitrogen(BUN), creatinine(CREA), uric acid, Ca
& A4y A3 st A 7] (Kodak Ektachem DTI analyzer:
Eastman Kodak Co., USA)E A3t &3 ch

EAlM2l: 9% YA A 4 AA 2 ¥
AR &AL Sigma Stat Ver. 2.0(Jandel scientific software,
USA)S o] -£3}o] Fisher's least significance difference testol] 9]
& AAR e p(0059 F¢ st #AHH .

4 o

H}o|2{A Z% : IB, IBHNa, IBHCa, IBHNC £ IB virus
A% AAFY 3,5 7, 9%l 4% A B
vis®] EAE DIAZ &9l$ v} 2% Aol oy o
2, HNa, HCa, HNC % IB virus H]H % AXFAH &
B $A4 ol A ThFig 1).

Control IB IBHNa IBHCa IBHNC

1 days
HNa 9 days
Idays
HCa 9 days
5 daws
HNC 9 duys
7 days
- Ve cont.
9 days
+V¢ cont.

Fig 1. Results of dot-immunoblotting assay at each group.

Yot gy 2 A

Packed cell volume(PCV) : 4 87|tE ¢ t=¢
o 9y FF PCVE 31.6-33.8% Fon ThE AT
B9 YA Wt A 23.7%HNa, 149 ) A
i 38.1%(IBHNC, 7% &) gt th

gz #dted PCVY 5AH FIAE B A
HNa, HNC ¥ IB X2} o[ it} 3U 3 o HNa X379

o
T

Table 2. Comparison of packed cell volume changes among groups*

Days

Group

3 5 9 14 21
Control 33.8+5.3* 325432 31.6+2.0 30.6+5.2 322+29° 314+27
1B 343438 32.6+3.0 340421 33.8+25 374453 32.8+29
IBHNa 326143 31.0+44 323431 29.0+4.4 32.8+49° NA**
IBHCa 35.6+5.1° 36.0+4.1 375433 34.3+43 31.0° NA
IBHNC 324166 31.6+45 38.1+5.5 29.0 NA NA
HNa 259433 35.0+7.5 34.617.6 273147 23.7+1.3¢ 278455
HCa 365109 349+13 32.614.0 295+6.6 29.4+5.0° 31.3+12
HNC 25.7+3.1° 320456 34.045.1 27.0+57 32142.3"

* Data are cxpressed as meantstandard deviation.

** NA = not applicable because the tested chickens were died before sampling date.
€ Mean values in the column not followed by the same superscript are significantly different(p ( 0.05) by the least significant different test.
Three to ten chickens were sampled ar each sampling date except that one chicken was sampled in the IRHNC at 9 days and in the IBHCa at 14 days,

respectively.
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BT PCVE 25.9%, HNC A X 7& 25.7%2 4 QZ2TL
X ge AAZ Hsd AT B2E UER
o\ 5UF ol $3E thAl AU BAsAt 18]
U HNa AR 2& T 99 RE ASHOZ sl
149l s BI%e $39) AUA Skt Wale) HNC

TGN T Bt olye B AXFH 1BFAXNT
(IBHCa, HCa)o| A = 19 % (Table 3) & ojz T3 ¥| a3}
A W EATH O K4 (p (005 UA F3ATH

Table 3. Mean blood chemistry values of chickens sampled at

1-day-old* (n=8
AAFE 9UFe] 27.0%2 227 3 ool A4 Aokl (n-8)

99 B¥E HYy, B ANTE AYYAN x5 Parameter Unit Value

SAIG o U 14Y ol 374%E Z7}3ch ek g2 5 Na' Mmol/L 128.3+12.3

AFEY 9Py HEE Audez He HYdLsd B o Mmol/L 102.3+14.6
5 . Ex W Q= $xE

Tagou dAHoR B4 4% g $48 ded o Mg/dL 103471

o BAFACE d2Ed o2 Aol ehhd i Daleols

03 9t T} (Table 2). reatinine g/ 21+0.
$oUsi8EA : ¥3 Na'= [BHNa, IBHNC, HNa, HNC =~ Celcum Mg/dL 9.5+2.2

£ 2NGHAFo] YEES) RN J2FE THE  Uric acid Mg/dL 76123

g2 A Ed e 2 £AE By, 54qAM =

* Data are expressed as meantstandard deviation.

Table 4. Comparison of plasma Na* concentration{mmol/L) of chickens sampled at designed age from each group*

Days Control iB IBHNa IBHCa IBHNC HNa HCa HNC

3 136.8+4.0™% 125.0+104° 143.6+154% 133.446.0" 1498+17.6" 130.8+14.6™ 132.8+4.6™ 1492+48°

5 1289+494° 137.6+5.3° 147.2+34% 1412462% 1534+79° 1514+7.0°  1444+102% 1453+4.2°

7 1366+94% 1294+67° 149.6+57° 1374462 150.8+13.5" 148.3+15.9%° 140.0+2.6™ 146.6+6.3"

9 1381477 1288+9.0 147.8+7.8 142.0+132"147.3+38 1256+135% 1332+31% 1422+30"

14 139.6+38 1386+1.5 156.0£155 1315192 NA** 1452+17.3 141.6+£62 14201138

21 1406434 1325+76° NA NA NA 146.0+£62°  1434+39° NA

* Data are expressed as meanzstandard deviation.
** NA = not applicable because the tested chickens were died before sampling date.
@ Mean values in the row not followed by the same superscript are significantly different(p { 0.05).

Table 5. Comparison of plasma Cl' concentration(mmol /L) of chickens sampled at designed age from each group*

Days  Control IB IBHNa IBHCa IBHNC HNa HCa HNC
3 1060+39%° 976+107° 1160+147° 1058+59% 1180+113* 1022+129° 1014%6.3 1164+42%
5  1005+84% 108.8+42° 119.0462° 1068+26° 1246166 124.8+84° 1110+106™ 117.0+46™
7 10584769 99.4+53% 1192449 1038+56" 1252+52° 1168+14.0® 105.6+2.4% 1138+7.8
9 1114482  1014+83 1120485  1092+119 1187+25 10324143 1064429 112.6+27
14 1069+4.6™ 103.6+29° 121.0+15.0° 965+0.7° NA** 1142+14.6® 104.2+3.5™ 106.8+2.2%
21 1061+33° 99.3+82° NA NA NA 113.8+4.6" 106.0+3.7° NA

* Data are expressed as meanzstandard deviation.
** NA = not applicable because the tested chickens were died before sampling date.
@ Mean values in the row not followed by the same superscript are significantly different(p { 0.05).
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(Table 4).

¥3% CI' %A IBHNa, IBHNC, HNa, HNC 5 14|94
Ao APHoT dzFg ¥EY dE ARG
2718 G4 Byen, 54 2 79FoNE Rols}
714 AT 3,9, UdHdE L GAA P 2T
& IS O AX 2R FF FAE #RoY B4
g4 fo3e dFadt 29BN E HAz
gkl A F9] Wzt ooy Na', CI' 25 HNa
AAZY BF FFE/ 7MY =%, B X TEY ¥

A IBHCa A 2| & 14934 A H F717F Aoy
grE 223 FAHE FE& FA 3 cH(Table 6).

Creatinine®] 7 %9 = IBHCa A xjFo] 548 A o
Z3d v FARAL FAAL UE AER 4B F
JHp(0.05)E A gol= HATL Foi Zolg &
Q1% TH(Table 7).

Cal} uric acide] 5% : 8% Ca ¥ E+& IBHCa, HCad
Ca 59 AXNFAA 2T & E§E b2 AXZo v)
3] Fglo] A5 E At IBHCa 32| 29 3YH A 3

2% %7} 743 dkeh(Table 5). # 15.1mgdL2 ot & AR 7o wldte] 27]YdH v

1) BUNZ} creatinine®] &% : BUNS H#FE 19 #9347 lA 3713 R21(p € 0.05), A AG71te<t &
Aol F 103mgddLE A Jebd ¥ d2FAAE Y & FAE FAFHT HCa X FL& 5UF o|F @A
# 28-4.4mg/dLe] W) o] Ytk IBEHNC HAXZo] Q) Z718 B 219 oE FF 202mg/dL7tA| 4%
3GHGA F7hEo] HYF FU td & FAE /A Ho UMUTh o9} 2 22 IBHNa, HNa {272 A
sg oy AT Aot :, HNa HAF L 3,5, 796l wHo2 gase 48 Bo BHNa A 7L 9UF

Table 6. Comparison of plasma BUN concentration(mg/dL) of chickens sampled at designed age from each group*

Days Control IB IBHNa IBHCa IBHNC HNa HCa HNC
3 44426 28+05 28408 34406  7.6178 58457  4.0+17  34+06
5 28+05°°  30+00° 28+05°  38+05° 4.0+12° 52434  30+00° 43+10°
7 30100 3.0+00  3.0+00 28+05  56+49  6.3+38 30400 48+18
9 33405 28405 20100 38+18  50+36  3.0+00 32405  34+06
14 3.0£0.0° 3.0£00%  2.3+06° 40+14  NA* 36109  3.0+00 3.0+0.0%
21 3.0+0.0 30100 NA NA NA 30£00  3.1+03 NA

* Data are expressed as meanzstandard deviation.
** NA = not applicable because the tested chickens were died before sampling date.
€ Mean values in the row not followed by the same superscript are significantly different(p ¢ 0.05).

Table 7. Comparison of plasma creatinine concentration(mg/dL) of chickens sampled at designed age from each group*

Days  Control IB IBHNa IBHCa IBHNC HNa HCa HNC

3 024+0.05° 0.30+40.00° 016+0.09% 014+0.05 014+0.09° 0.30£0.00° 024+0.09™ 0.26+0.05%
5 019+£0.06° 024+005° 028+024° 048+022° 026+0.05° 028+0.04° 0.22+004° 0.20+0.00°
7 028+0.07° 028+0.04° 018+0.08° 024+011° 015+0.06° 023+0.05 0.30+0.00° 0.18+0.04°
9  035+005 0.38+008 0.33+0.05 040+023 0271012 0284004 028+004 028+0.04
14 0334005 026005 020+0.00° 030+£0.14° NA** 0.24+0.05™ 0.30+£0.00® 0.30+0.00"
21 0194004 020000 NA NA NA 0.20+0.00 0224009 NA

* Data are expressed as mean+standard deviation.
** NA = not applicable because the tested chickens were died before sampling date.
@ Mean values in the row not followed by the same superscript are significantly different(p ¢ 0.05).
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Table 8. Comparison of plasma calcium concentration(mg/dL) of chickens sampled at designed age from cach group*

Days  Control IB IBHNa IBHCa IBHNC HNa HCa HNC

3 9.4+28%% 87+17% 67+11° 151427 95+16™ 82+13% 109+41° 99+25°
5 103425  122+03% 111+25% 181+83" 109+1.0™ 81+08° 138+21® 95+32"
7 106+1.0° 103+13% 74+12> 184+28 108+69° 88+18™ 154+23  68+16
9 103408  107+08% 7.3+20° 13.0+49° 107+17*¢ 85+19 168+18  112+17"
14 106+14° 103+14° 106428 160+35° NA** 6.8+24° 188+31°  152%08°
21 106+1.7° 94+10° NA NA NA 97+07° 202+30° NA

* Data- are expressed as meanzstandard deviation.

** NA = not applicable because the tested chickens were died before sampling date.
Mean values in the row not followed by the same superscript are significantly different(p ¢ 0.05).

Table 9. Comparison of plasma uric acid concentration(mg/dL) of chickens sampled at designed age from each group*

Days  Control B IBHNa IBHCa IBHNC HNa HCa HNC
3 82+19  75+22 45+16 173+190 102465  58+52  7.6+26 4.6+08
5 54+15  150+183  93+43 285+271  138+150 52+24 38407 107+58
7 60426 185+108™ 58+26° 262+230° 308+31.3° 6.8+3.6° 36113 121+15"
9 74+17°  205+208° 49+10° 29.6+248  382+39.0° 36+08° 60+18 57+12°
14 79420° 129+57°  66+0.6° 522+540° NA** 71+35°  73+24° 58+12°
21 6412 57409 NA NA NA 39+18 69135 NA

* Data are expressed as meanzstandard deviation.

** NA = not applicable because the tested chickens were died before sampling date.
@ Mecan values in the row not followed by the same superscript are significantly different(p { 0.05).

ol HNa HXT& 14YFA dzd v} Fo4
AE ZAE JEATp (0.05). HNC H2 & 7934
A daAoz ZasHA Y 4YF AN E A 152my
dL7} 2] A3 cH(Table 8).

8% uric acid¢) % T = IB, [BHCa, IBHNC 3 X 0] 4]
Eglo] Z713tAith IBHCa |22 Y@ AX F713}
A2, [BS} IBHNC A AT E 5, 7, 9o A F30] 4
$8gou B AAFE olF A Zade FAE Y
Btk HNC H A& 783 A 4te F7HE A
9ol 44 HA ¥kor IBHNagt HNa, HCa 3 x| 7 &
AGHANAM 223 FABAY HE £3E LA
(Table 9).

ZAW 243 % 9 mineralization®] W3 #AA % EF
Ca3} uric acid F 59 W5 E A PEE vindid 4#
AL AEFYY. IBHCa A A FL 843 33 minerali-

zation®] Z7}9 @4 5 Cad} uric acid®] ¥ X7} v) 3
Hoz F/hl e, BHNC AT A&3Y 8F
W uric acids] FUIstl T B73 3 9d ol e
mineralization8] F714A ¢ 24t} HCa A7 4H
o] Z/EFE A&HY CaFE FI/HE BRAAT 2
Aol Mo} Alg mineralization® 14U % 78 YEh}y)
A Fste Aade By a2u B AAFL urc
acid®] F7ld e E1dtn 2 2AHA A3 minerali-
zation® B&3}7] olaig o HNC 2% 5 Cag
Z7HE E73 D 23 ¥§-& v sk ch(Fig 2).
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Fig 2. Comparison of means for plasma concentration of Ca
and wric acid and histopathological lesion score on urate de-
position and mineralization of the kidney among groups.
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AL B 49 FEo] FYHULAE FFn e
v ZAA NN MEgde] 2o i} 4 43 FE
o H&E AL A2 FHH) Deyhim3} Teet-
er'E AFE 039% $4T S4EAT0] 2409 35T
oA tz73 vlasd vl 24ColA 32%, 35CA

31%2 47 AHHUE B AFL PCVY| 2 J&E v
A2 gttty yagch & APl zAYAAF
A5 BAE o4 FEZHE H8 A3
o2 A3 A A ¥t Alsdh

IB virse M@ AT M o)A ulolgre FH L
Yo7 cytolytic actiono] &3 Mo waldy Wag
23t AAE ol FE NEH 02 AP 4TA
FojA ulo|2E wEstE T AGE YEdd®
2 AYAME & Ao IBvinse] HYA ¥ E
A7l AEl 39HFE 9UB A B vinse] HEE A
T A3 FYAANFNH BF FANEE el
A& 1Y Ngo] o] RojAL AoE wed.

IB viusel] o @ AV 5ol Aoe ABES B
¥ & Uk @A 1ZgNERE FFY 4 A
E4e FA oy Bvins ZHA A4 HHE of)
& 4 olth. Wideman ef a/ & 30980 AFANRE F
oA F 60U B viusE HEFOZH 1653 A
NA 58%9 2AMFE FL3QA L, Glahn et al P
1ZExs A 22 F 4 9 IB vinsst A3
43 2Z4F S S A8A 2 dd. 28 2
ZEUFAEE QpHY A5H HE ZBERE W2
A &5 Ca-Na-urateZ FAE 8499 Q909 o|r}*2#%
Wideman et al P& 304 A9H 02 $FWAIAY
ALY A24F9 U] AlgY ZEAge ¢
ZY 1281 AAY B vins ZEolE S FH3H 2,
Niznik et al V& A1 EZA T BE A5 ddo] Jon 2
Ze] ZYAHQ 824 F 244U A AAY A7
7t Basttn AA A

AR HEY L Folu AAR A BEFFoly
ANFFE dodle 9oy 53] od 74a3& 44
o vla BA o B5Ae] Uk Ao A fot=
N2'& B % sodium chloride P2 FTHFIAT gz =
Ao HoF HAFTOE FEE F/I) 9%
23 0 2 sodium bicarbonate &+ sodium sulphate] % €
2 2E57) 5 $d%. 8% v sodium bicarbonate £ A
FFEFY E O 990 € & on" ¥ FEG
NA AAFELD GA EYTE o]E ¢ e w2
H &9 Na'g 48 4 glon g 2@ Y& 5831
AAAR R ALEY GEFA diE WAl 3
Ed I ol ¥AEYU 5439 71 e,
Kare$} Biely’' & ALEU 1%9) A g8 o] &4 02%

- 1147 -



o AF8FN} FYHL vy £F ¥ Yol
d A4 2 P AR v S AUlvez U
A5ELHN G4 HES) oH Y Na* Fxo d¢

FAo) Bo oju A W2 E AT A
v th o} AL A g} Za, 959 Na' WEF7 §
o] g

E dFoAM Bvinse 224 ¥ TAFGAE A3
Zgo oig g AR Wy dae A3, 1@g4A
87 R HCa HAF L 5ol Y45A4E 28
T glen 234 yE 219¥d) Af3g s
Al g mineralizationg H.9] vt IB virus9} TR FAIEE
T IBHCa A F& €F5dad 8449 571 Ax
F AL, A A A mineralizationd 23 AT
(491337, submitted). 3}x]2 & AHA 9 2}
Ax7d ¥F BeY 8409 FRdAE FRIAAL
843 Zo| U} mineralization ¥4 3 5 g & 84
39 #A £ APH vHBAZ Hrle oHR
i YAF EFAHLY Aevo ZAEH] YA
HActn BojRE oy A o3y TEd oAH
8900 o8 ARAL AL F e FAH 890
g & 98 Ao 2AEY. UAY $F94 nald
Z9 zA& AR M wEtie 7]AF Aoy o
YR e Autde Jatg QAL ded gaA e
$¥ e GRoZn BolE ok ¢ ofd Y
o] @x Hady nFkol o AFolztd P& Yol A
E A Zo] AFHRUL Aoy, o] & Oldroids} Wideman™
3 go] o= AxY ¥A YdXNg aFxEAEs 84
FEAQo) 728 F e A HAX goy 9¢4 2
Ho ¥ oE AR2 gAlo] M4 08 FHo| AX 3}
Ade] W37l UE AL 2RI

oj oA AHE ule} go] IB vis, T %, ¥ 9
g9 ARAA dgwE gy FAe M FojAd &
A3 A Azsn &N ARAY F3E YehY
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